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(57) ABSTRACT

A leakage current protection device with an illumination
function, including a shell, a movement assembly in the
shell, power input and output assemblies coupled to the
movement assembly, and an illumination assembly disposed
inside the shell, which includes: an illumination control
board electrically coupled to the power input or output
assembly; a sensing unit coupled to the illumination control
board and configured to sense an ambient condition outside
the shell to generate a sensing output signal; a light emitting
unit coupled to the control board, and controlled by the
control board to turn on or off in response to the sensing
output signal; and a light guide unit, formed by an operating
element partially protruding out of the shell and disposed
adjacent the light emitting unit, configured to guide the
illumination light emitted by the light emitting unit out of the
shell. The device is convenient to use and compact.

9 Claims, 4 Drawing Sheets




U.S. Patent Apr. 2, 2024 Sheet 1 of 4 US 11,949,193 B2




U.S. Patent Apr. 2, 2024 Sheet 2 of 4 US 11,949,193 B2

FIG. 3



U.S. Patent Apr. 2, 2024 Sheet 3 of 4 US 11,949,193 B2




U.S. Patent Apr. 2, 2024 Sheet 4 of 4 US 11,949,193 B2




US 11,949,193 B2

1
LEAKAGE CURRENT PROTECTION
DEVICE WITH ILLUMINATION FUNCTION

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to electrical devices. More specifi-
cally, it relates to a leakage current protection device, and in
particular, a leakage current protection device having an
illumination function.

Description of Related Art

Leakage current protection devices are widely used in
homes, in particular, in areas exposed to moisture (e.g.,
kitchen, bathroom, garage) and public places. Conventional
power receptacles with leakage current protection devices
only function to supply power. When the ambient environ-
ment is dark and not well lit, it is difficult to plug electrical
plugs into the receptacles. Further, at night, after turning on
lights, users need to wait for their eyes to adjust to the light
before they can proceed to plug the electrical device into the
receptacle. These make it inconvenient for the users.

To improve user experience, some existing leakage cur-
rent protection devices are equipped with automatic night
lights for illumination. However, the extra night lights
increase the sizes of the receptacles, making them unsuitable
in situations where space is limited, causing inconvenience
for the user. Further, existing illumination devices cannot
server to meet safety requirements for leakage current
protection devices, e.g. real-time monitoring of the normal
operation condition of the leakage current protection
devices.

SUMMARY

Accordingly, an object of the present invention is to
provide an improved leakage current protection device
which, by incorporating an illumination function, provides
convenience to the user, and can also provide real time
indication of the working condition of the leakage current
protection device, ensuring safety of the device.

In one aspect, the present invention provides a leakage
current protection device with an illumination function,
which includes: a shell; a movement assembly disposed in
the shell; a power input assembly and a power output
assembly coupled to the movement assembly; and an illu-
mination assembly disposed inside the shell, including: an
illumination control board, electrically coupled to the power
input assembly or the power output assembly; a sensing unit,
coupled to the illumination control board, and configured to
sense an ambient condition outside of the shell to generate
a sensing output signal; a light emitting unit, coupled to the
illumination control board, wherein the illumination control
board is configured to control the light emitting unit to turn
on or off in response to the sensing output signal from the
sensing unit; and a light guide unit, which is formed by an
operating element partially protruding out of the shell and
disposed adjacent the light emitting unit, configured to guide
an illumination light emitted by the light emitting unit out of
the shell.

Based on the above technical characteristics, the present
invention may include any one or more of the embodiments
below.

In some embodiments, the leakage current protection
device further includes a reset assembly and a test assembly,
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wherein the operating element forming the light guide unit
is a button of the reset assembly or the test assembly which
partially protrudes out of the shell.

In some embodiments, the light guide unit is a test button
of the test assembly, the test button including: a light
transmitting key, which partially protrudes out of the shell to
form an operating portion of the test button; a light reflecting
platform, joined to the light transmitting key and including
atest rod which is configured to engage a test plate of the test
assembly, wherein at least the light transmitting key is
formed of a light transmitting material.

In some embodiments, the light reflecting platform
includes a diffuse-reflective inclined plane, wherein the
inclined plane matches a shape of the light transmitting key
and faces the light emitting unit, configured to diffuse-reflect
the illumination light from the light emitting unit through the
light transmitting key.

In some embodiments, the sensing unit includes a sensor
coupled to the illumination control board, wherein the
sensor is configured to sense at least one of a light signal, a
sound signal, a wireless communication signal, and an
infrared signal and generate a sensing output signal accord-
ingly.

In some embodiments, the sensing unit further includes a
sensing post which corresponds to the sensor and extends to
an outer surface of the shell, wherein the shell includes a
sensing opening and wherein the sensing post partially
protrudes from the sensing opening.

In some embodiments, the leakage current protection
device is a power receptable and includes a middle support
frame, wherein the illumination control board is disposed on
the middle support frame and electrically coupled to socket
plates of the power output assembly.

In some embodiments, the socket plates include a hot
socket plate and a neutral socket plate, the hot socket plate
having a connection hole, the neutral socket plate having a
power source contact plate, wherein the illumination control
board includes another connection hole and a connection
wire that connects the connection hole of the illumination
control board to the connection hole of the hot socket plate,
and wherein the illumination control board further includes
a power source contact plate which contacts the power
source contact plate of the neutral socket plate.

In some embodiments, the leakage current protection
device further includes an isolation structure configured to
isolate the illumination control board from the neutral socket
plate, wherein the isolation structure includes an opening
configured to allow the power source contact plate of the
illumination control board and the power source contact
plate of the neutral socket plate to physically contact each
other.

The leakage current protection device according to
embodiments of the resent invention provides a controllable
(light-controlled, sound-controlled, wireless-controlled,
etc.) illumination assembly, making it earlier to use in dark
environments. By implementing the light guide unit as a part
of an operating button on an outer surface of the shell, the
overall size of the device is not increased, and can also
indirectly inform the user of the working condition of the
leakage current protection device, thereby ensuring safety.
The leakage current protection device according to embodi-
ments of the present invention is low cost, convenient to use,
easy to assemble, easy to manufacture, and versatile.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are
described with reference to the drawings. In these drawings,
like reference symbols represent like features.
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FIG. 1 is an exterior view of a leakage current protection
device according to an embodiment of the present invention.

FIG. 2 illustrates the leakage current protection device of
FIG. 1 after removing the top cover and the reset button.

FIG. 3 is a partial exploded view of the leakage current
protection device of FIG. 1, showing components of the
illumination assembly.

FIG. 4 is an exploded view of the leakage current pro-
tection device of FIG. 1.

FIG. 5 is an exploded view of a light guide unit according
to an embodiment of the present invention.

FIG. 6 is an exploded view showing the illumination
assembly and the middle support frame and the socket
plates.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present and their applica-
tions are described below. It should be understood that these
descriptions describe embodiments of the present invention
but do not limit the scope of the invention. When describing
the various components, directional terms such as “up,”
“down,” “top,” “bottom” etc. are not absolute but are
relative. These terms may correspond to the views in the
various illustrations, and can change when the views or the
relative positions of the components change.

In this disclosure, terms such as “connect”, “couple”,
“link™ etc. should be understood broadly; for example, they
may be fixed connections, or removable or detachable
connections, or integrally connected for integrally formed;
they may be directly connected, or indirectly connected via
intermediate parts. Those skilled in the relevant art can
readily understand the meaning of these terms as used in this
disclosure based on the specific description and context.

The embodiments described below use power supply
receptacles as examples, but it should be understood that the
invention is not limited to receptacles, and can apply to other
types of leakage current protection devices.

FIGS. 1-4 illustrate a leakage current protection device
according to an embodiment of the present invention. The
leakage current protection device is a power supply recep-
tacle, and includes a shell and a movement assembly dis-
posed in the shell. The shell includes an upper cover 1 and
a base 2 joined together by a snap structure. The upper cover
1 has output slots 15A and 15B, and a reset button opening
12 and a test button opening 11 respectively configured to
allow the reset button 7 and test button 8 to partially protrude
from the shell. As shown in FIG. 4, a middle support frame
3 and a ground frame 9 are disposed in the shell, and the
movement assembly 21 is disposed between the middle
support frame 3 and the base 2. The middle support frame 3
is disposed inside the base 2 and covers the movement
assembly 21. The middle support frame 3 is configured to
accommodate a hot socket plate 4, a neutral socket plate 5,
the ground frame 9 and a test plate 32 on it; it has
corresponding position limiting structures to securely posi-
tion and hold each of these components.

The movement assembly 21 may have a structure similar
to conventional leakage current protection devices, which
includes a switch, a leakage current or other fault detection
circuit, and a trip assembly that controls the switch to
mechanically disconnect the power to the output assembly
(the hot and neutral socket plates) in response to a fault
being detected (i.e. trip). The reset button is a part of a reset
assembly that engages the movement assembly, and can be
depressed after the device trips so as to reset the device. The
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test button is a part of a test assembly, which is coupled to
the leakage current or fault detection circuit, and can be
depressed to test whether the leakage current protection
device is functioning properly.

In some embodiments, the leakage current protection
device may include power source indication function. As
shown in FIG. 3, a light guide post 31 is disposed on the
middle support frame 3, and configured to guide the light
emitted by a light emitting component of the movement
assembly to the surface of the upper cover 1. Correspond-
ingly, the upper cover 1 has a power source indicator
opening 14 that allows the light guide post 31 to protrude to
the surface.

According to embodiments of the present invention, the
leakage current protection device is provided with an illu-
mination assembly, which can automatically sense the ambi-
ent brightness and to turn the illumination when the ambient
brightness is low, making it convenient to use the power
receptacle. Beneficially, the part of the illumination assem-
bly is integrated with an operating element (button) at the
outer surface of the shell, and does not increase the size of
the receptacle.

In the embodiment shown in FIG. 2, the illumination
assembly is disposed on the middle support frame 3 and is
electrically coupled to the power output assembly (i.e. the
socket plates). It should be understood that in alternative
embodiments, the illumination assembly may be electrically
coupled to the power input assembly.

More specifically, the illumination assembly includes an
illumination control board 6, which is disposed on the
middle support frame 3 and coupled to the hot socket plate
4 and the neutral socket plate 5. Referring to FIGS. 2-4 and
6, the middle support frame 3 includes a hot socket plate
installation groove 3A and a neutral socket plate installation
groove 3B, for respectively positioning and mounting the
hot socket plate 4 and the neutral socket plate 5. The middle
support frame 3 further includes a test plate receiving groove
3D to accommodate the test plate 32 of the test assembly, as
well as an illumination control board installation groove 3C
for positioning and mounting the illumination control board
6. In the illustrated embodiment, the illumination control
board 6 is arranged adjacent to the neutral socket plate 5, and
correspondingly, the middle support frame 3 has an isolation
structure to isolate the illumination control board 6 from the
neutral socket plate 5 to reduce undesirable interference. The
isolation structure may be an isolation board 3E shown in
FIG. 6, or other suitable structures, such as an isolation
groove. It should be understood that in some embodiments,
the illumination control board 6 may be arranged adjacent to
the hot socket plate 4.

To electrically connect the illumination control board 6
with the hot socket plate 4 and neutral socket plate 5, and
considering the structural layout and size factors, in some
embodiments, the illumination control board 6 has a power
source connection hole 62 (see FIG. 3), and is coupled to a
connection hole 41 on the hot socket plate 4 by a connection
wire 62A. The electrical coupling between the illumination
control board 6 and neutral socket plate 5 may be by direct
physical contact; for example, the illumination control board
6 may have a power source contact plate 63 which contacts
a power source contact plate 51 on the neutral socket plate
5 to accomplished electrical coupling. In some embodi-
ments, the isolation board 3E has an opening 3F to allow the
power source contact plate 63 of the illumination control
board 6 and the power source contact plate 51 of the neutral
socket plate 5 to physically contact each other reliably. By
using the above described structures, the illumination con-
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trol board 6 can be powered by the movement assembly of
the leakage current protection device, and does not need any
external power source.

Referring to FIGS. 3-6, the illumination assembly further
includes a sensing unit, a light emitting unit, and a light
guide unit. The sensing unit is coupled to the illumination
control board 6 and can sense the ambient environment
outside of the shell. In the illustrated embodiment, the
sensing unit includes a sensing element 61 coupled to the
illumination control board 6. The sensing element 61 is a
sensor configured to sense at least one of light signal, sound
signal, wireless communication signal, and infrared signal
and generate a sensing output signal accordingly. The sens-
ing unit further includes a sensing post 61A which corre-
sponds to the sensing element 61 and extends to the surface
of the shell. In the illustrated embodiment, the sensing post
61A is a cover structure that covers the sensing element 61,
and includes a protrusion that protrudes to the outer surface
of the shell. Correspondingly, the shell has a sensing open-
ing 13 (see FIG. 1) that allows the protrusion to protrude to
the surface.

The light emitting unit 66 may be a light emitting diode
(LED) or organic light emitting diode (OLED), or other
suitable light emitting elements, and is coupled to the
illumination control board 6. The illumination control board
6 controls the ON and OFF of the light emitting unit 66 in
response to the sensing output signal from the sensing unit,
s0 as to provide illumination under defined conditions.

In some embodiments, the sensing element 61 is a motion
sensor (e.g., infrared transmitter or video camera), and can
generate the sensing output signal based on proximity of a
human body to the receptacle. This way, the illumination
control board 6 can determine whether a human has entered
a predefined sensing radius and control the ON and OFF
state of the light emitting unit accordingly.

In some embodiments, the sensing element is a light
sensor (e.g. a photoresistor), which can sense ambient
brightness and generate corresponding sensing output sig-
nals. Based on the sensing output signals, the illumination
control board determines whether the ambient brightness is
above or below a predetermined threshold, and controls the
operation of the light emitting unit accordingly. For
example, when the ambient brightness is below the prede-
termined threshold, the illumination control board controls
the light emitting unit to turn on. Optionally, the illumination
control board controls the light emitting unit to turn on for
a predetermined time period and then turn it off. When the
ambient brightness is above the predetermined threshold, the
illumination control board controls the light emitting unit to
turn off. This way, the device can automatically turn on the
illumination when ambient brightness is insufficient, avoid-
ing waste of energy.

In some embodiments, the sensing element is a wireless
communication device, which can receive remote control
signals from a remote terminal via Bluetooth, Wi-Fi or other
communication methods and generate corresponding sens-
ing output signals. Based on the sensing output signals, the
illumination control board controls the operation of the light
emitting unit. The remote terminal may be a computer,
smartphone, tablet computer, smart watch and other wear-
able devices, etc.

In some embodiments, the sensing element is a sound
sensor, which can sense ambient sound volume and generate
corresponding sensing output signals. Based on the sensing
output signals, the illumination control board determines
whether the ambient sound volume (decibel) is above or
below a predetermined threshold, and controls the operation
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of' the light emitting unit accordingly. For example, when the
ambient sound volume is above the predetermined thresh-
o0ld, the illumination control board controls the light emitting
unit to turn on. Optionally, the illumination control board
controls the light emitting unit to turn on for a predetermined
time period and then turn it off. When the ambient sound
volume is below the predetermined threshold, the illumina-
tion control board controls the light emitting unit to turn off.

In some embodiments, the light emitting unit can provide
at least one of the following illumination effects: mono-
chrome lighting, multi-color lighting, continuous lighting,
flashing lighting, flowing water lighting, breathing light
lighting, etc. For example, in a relatively dark environment,
too high a brightness can cause discomfort for users’ eyes,
so a relatively soft color light or breathing light may be used
to lessen the discomfort.

It should be understood that the above described different
types of sensing units and different types of light emitting
units may be substituted and combined in any desired
manner to meet users’ needs.

According to embodiments of the present invention, the
light guide unit is preferably formed by an operating element
of'the leakage current protection device disposed at the outer
surface of the shell, and is located adjacent the light emitting
unit 66, so as to transmit the light generated by the light
emitting unit 66 to the outside of the shell. In the illustrated
embodiment, the light guide unit is the test button 8 of the
test assembly, and is located adjacent the light emitting unit
66 as shown in FIG. 2. This way, the light emitted by the
light emitting unit is reflected by a large area reflector
toward the outside of the shell, which provides a large
illumination area and improves illumination effect. Further,
because the light guide unit is integrated with the test button,
it does not significantly change the exterior layout and size
of the receptacle, so the receptacle can be used as in
conventional applications.

It should be understood that the light guide unit may also
be integrated with the reset button 7, by forming the reset
button 7 from a light transmitting material, to provide the
same illumination function described above. In some
embodiments, the illumination control board 6 may include
two light emitting units which respectively correspond to the
reset button 7 and test button 8, so these two operating
elements can both be used to provide illumination, or be
used to achieve a more diversified illumination effect.

In some embodiments, the test button has a structure
similar to a conventional test buttons, except that the mate-
rial is changed to achieve the illumination function. Prefer-
ably, the test button 8 may include a structure that enhances
light reflection to improve illumination effect. In the
embodiment shown in FIG. 5, the structure of the test button
8 includes a light transmitting key 81 and light reflecting
platform 82. The light transmitting key 81 forms the oper-
ating portion of the button that partially protrudes out of the
outer surface of the shell. The light reflecting platform 82 is
joined to the light transmitting key 81 and has a test rod 823
which is configured to engage the test plate 32 of the test
assembly when the test button is pressed down. At least the
light transmitting key 81 is formed of a light-transmitting
material, which may include any suitable transparent or
semi-transparent materials. Optionally, the light reflecting
platform 82 and light transmitting key 81 are joined to each
other using a snap connection. For example, the light
transmitting key 81 may include a snap 811 and snap slot
812 at its two ends respectively, and correspondingly, the
light reflecting platform 82 may have a snap slot 821 and
snap 822 at its two ends respectively. The corresponding
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snaps and snap slots engage each other to allow the light
transmitting key 81 and light reflecting platform 82 to be
removably attached to each other. This way, the light trans-
mitting key 81 may be replaced with other light transmitting
keys, for example, keys of different materials or colors, to
obtain different illumination effects. In some embodiments,
the light reflecting platform 82 has a diffuse-reflective
inclined plane 82A; the inclined plane matches the shape of
the light transmitting key 81, and faces the light emitting
unit, i.e., facing the direction of the incident illumination
light as shown in FIG. 5, so that it diffuse-reflects the
illumination light through the light transmitting key 81,
enhancing the illumination effect.

When the leakage current protection devices is in use, the
sensing unit senses or detects the ambient environment of
the receptacle and generates a sensing output signal; the
illumination control board controls the ON or OFF of the
light emitting unit in response to the sensing output signal.
When the light emitting unit is turned ON, the light it emits
is guided by the light guide unit (the diffuse-reflective
inclined plane and the light transmitting key) to be trans-
mitted to the outside of the shell to provide illumination,
which makes it easier to plug electrical devices into the
receptacle. By providing multiple different sensing units, the
leakage current protection device can achieve multiple dif-
ferent modes of lighting control, such as light controlled,
sound controlled, etc., providing more convenience to the
user and making the device more intelligent and humanized.
Further, because the illumination assembly is powered by
the movement assembly, whether the illumination assembly
can be turned on or off can provide a simple indication of
whether the leakage current protection device is in a proper
working condition.

It should be understood that the embodiments shown in
the drawings only illustrate the main implementing units and
components of the leakage current protection device and its
illumination assembly. The shapes, sizes and spatial arrange-
ments of the various components only illustrate the embodi-
ments and are not limiting. Other shapes, sizes and spatial
arrangements may be used without departing from the spirit
of the invention. Further, the above descriptions of the
operation are only exemplary and not limiting.

It will be apparent to those skilled in the art that various
modification and variations can be made in the embodiments
of the present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the present
invention cover modifications and variations that come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. A leakage current protection device with an illumina-
tion function, comprising:

a shell;

a movement assembly disposed in the shell;

a power input assembly and a power output assembly

coupled to the movement assembly; and

an illumination assembly disposed inside the shell,

including:

an illumination control board, electrically coupled to
the power input assembly or the power output assem-
bly;

a sensing unit, coupled to the illumination control
board, and configured to sense an ambient condition
outside of the shell to generate a sensing output
signal;

a light emitting unit, coupled to the illumination control
board, wherein the illumination control board is
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configured to control the light emitting unit to turn
on or off in response to the sensing output signal
from the sensing unit; and

a light guide unit, which is formed by an operating
element partially protruding out of the shell and
disposed adjacent the light emitting unit, configured
to guide an illumination light emitted by the light
emitting unit out of the shell.

2. The leakage current protection device of claim 1,
further comprising a reset assembly and a test assembly,
wherein the operating element forming the light guide unit
is a button of the reset assembly or the test assembly which
partially protrudes out of the shell.

3. The leakage current protection device of claim 2,
wherein the light guide unit is a test button of the test
assembly, the test button including:

a light transmitting key, which partially protrudes out of

the shell to form an operating portion of the test button;

a light reflecting platform, joined to the light transmitting

key and including a test rod which is configured to
engage a test plate of the test assembly,

wherein at least the light transmitting key is formed of a

light transmitting material.

4. The leakage current protection device of claim 3,
wherein the light reflecting platform includes a diffuse-
reflective inclined plane, wherein the inclined plane matches
a shape of the light transmitting key and faces the light
emitting unit, configured to diffuse-reflect the illumination
light from the light emitting unit through the light transmit-
ting key.

5. The leakage current protection device of claim 1,
wherein the sensing unit includes a sensor coupled to the
illumination control board, wherein the sensor is configured
to sense at least one of a light signal, a sound signal, a
wireless communication signal, and an infrared signal and
generate a sensing output signal accordingly.

6. The leakage current protection device of claim 5,
wherein the sensing unit further includes a sensing post
which corresponds to the sensor and extends to an outer
surface of the shell, wherein the shell includes a sensing
opening and wherein the sensing post partially protrudes
from the sensing opening.

7. The leakage current protection device of claim 1,
wherein the leakage current protection device is a power
receptable and includes a middle support frame, wherein the
illumination control board is disposed on the middle support
frame and electrically coupled to socket plates of the power
output assembly.

8. The leakage current protection device of claim 7,
wherein the socket plates include a hot socket plate and a
neutral socket plate, the hot socket plate having a connection
hole, the neutral socket plate having a power source contact
plate, wherein the illumination control board includes
another connection hole and a connection wire that connects
the connection hole of the illumination control board to the
connection hole of the hot socket plate, and wherein the
illumination control board further includes a power source
contact plate which contacts the power source contact plate
of the neutral socket plate.

9. The leakage current protection device of claim 8,
further comprising an isolation structure configured to iso-
late the illumination control board from the neutral socket
plate, wherein the isolation structure includes an opening
configured to allow the power source contact plate of the
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illumination control board and the power source contact
plate of the neutral socket plate to physically contact each
other.
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